
US 20060119931A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2006/0119931 A1 

Ghera et al. (43) Pub. Date: Jun. 8, 2006 

(54) METHOD AND SYSTEM FOR IMPROVED Publication Classi?cation 
EYE PROTECTION SAFETY OF 
DISTRIBUTED RAMAN AMPLIFIERS (51) Int. Cl. 

H01S 3/00 (2006.01) 
(75) Inventors: Uri Ghera, Tel-Aviv (IL); Daniel (52) US. Cl. ............................................................ .. 359/334 

Berger, Petach-Tikva (IL); Itzhak 
Filiba, Petach-Tikva (IL); David (57) ABSTRACT 

Menashe’ EVen_Yehuda (IL) A system and method for providing eye-safety protection 
Correspondence Address: during operation of distributed Raman ampli?ers based on 
DR MARK FRIEDMAN LTD the application of continuous out-of-band ampli?ed sponta 
Clo Bill P olkingh 0m neous scattering (ASS) monitoring in an optical communi 

9003 Florin Way catilon netgvork'span (ciouplledto Ithe}:1 Raman alrlnph?er, ang 
rea -t1me etect1on an ana ys1s o c anges mt e mon1tore 

Upper Marlboro’ MD 20772 (Us) ASS poWer level, The system includes at least one Raman 

(73) Assigneez RED_C OPTICAL NETWORKING pump for' introducing Raman energy into the span, a moni 
LTD_ tormg un1t for performing the continuous ASS mon1tor1ng, 

and a control unit operative to detect and analyze in real 
(21) App1_ NO; 11 /001,055 time changes in the ASS poWer, and upon determination that 

such changes indicate an open span, to reduce the level of 
(22) Filed; Dec, 2, 2004 the Raman pump energy entering the span to a safe level. 

1 O8 

104 106 112 114 

1 \ \ If ‘I I‘ l 

F?'wa'd [:j Backward 
ump . . Pump 

Power _ ‘ Optlcal S|gnaI Power 

Raman ' Raman 

Pumps 110 Pumps 

( 
102 102 



Patent Application Publication Jun. 8, 2006 Sheet 1 0f 11 US 2006/0119931 A1 

108 

112 114 

l . 
[:j Backward 

. . Pump Optlczl S|gnaI \ Power 
Raman 
Pumps 

/ 
102 

110 

FIG. 1 



" FIG. 2a 

Patent Application Publication Jun. 8, 2006 Sheet 2 of 11 US 2006/0119931 A1 

202 
CONTINUOUS OUT-OF 

BAND ASS m {P 
MONITORING UNIT P ZOI‘J‘NIT 

206 

A an 

CONTROL UNIT for 
- vDetecting open span based on changes in monitored ASS 
7 Reducing pump power entering span 

208 

FIG. 2 

CONTROL UNIT 208 

Detection Open span Safety Open Span Span 
and analysis determining function Characteristics degradation 
?mction function determining function 

function 
209 210 2 1 1 2 12 21 3 



Patent Application Publication Jun. 8, 2006 Sheet 3 0f 11 US 2006/0119931 A1 

/ 302 
Span 

304 K 310 CWDhl/l CWDIYI 306 
® \ <::'°“'"PE"°"~‘Y 312\,—°"p 8' 316 \ °up 8’ 

ASS \ 

314 918 
Ouiof 

308 “223323? 
/ 

Raman Pumps 

‘ . 320 V 

Control Unit 
322 

7 

Communication System Management Unit 

FIG. 3 



Patent Application Publication Jun. 8, 2006 Sheet 4 0f 11 US 2006/0119931 A1 

A 

402 
404 410 / 
/ Signal 408 

Pump _ Channels 
Sup l'VlS0l'y;sé 

Wavelengths Channel 

1H1 
ASS 
|||| 

- > 

1 l l 
1400 1450 1500 1550 1600 

Wavelength (nm) 

FIG. 4 



Patent Application Publication Jun. 8, 2006 Sheet 5 0f 11 US 2006/0119931 A1 

-24 

-26 I 

l -28 

-30 - 

ASS power (dBm) 60 Nl 

-38 0 5 10 15 20 25 30 35 4O 45 50 

Pump energy propagation distance (km) 

FIG. 5 



Patent Application Publication Jun. 8, 2006 Sheet 6 0f 11 US 2006/0119931 A1 

602 
\ Monitor Detectors 

604 

Check if a ?rst 
pro-determined condition has 

occurred 

Yes 

606 

\ Reduce pump dCheckif: second pre etermine condition has 

powgr I shut- occurred 
own 

610 

608 / 
\ Determine position of Notify system 

span opening management U?il 

Fig. 6 



Patent Application Publication Jun. 8, 2006 Sheet 7 0f 11 US 2006/0119931 A1 

8 1 

7 ..%m a \IIIMQ v 
Ml. OMa Dw. \ Md 1". Wm / o n 

M.- S 7 D- 8 D. IOI 

a m .I 

r P - m 

e n 
Mum. \ \jr 3 Wm , w“ 

w 
2 nr 

1 7/nmvwrmm V 
7 mum“. 

md 

Ym 
m mm e +ne n SEMI-v 

E SPR 4 D. Am. 1 m um 7 
P PB 

n a p S 

FIG. 7 



Patent Application Publication Jun. 8, 2006 Sheet 8 0f 11 US 2006/0119931 A1 

m. 1., Lu .w .w m 1.» =.~ J Emu. cozgcom xumm 

Pump energy propagation distance (km) 

FIG. 8 



Patent Application Publication Jun. 8, 2006 Sheet 9 0f 11 US 2006/0119931 A1 

Span 
WDM WDM 91 6 Tap 
Coupler Coupler 

@ Pump Power / / ' 
ASS A L II) 

Pump Power Back-Re?ection To N x‘ 
Signal Channels Tap e 

Sup/ervisory Channel Spa" 

91 4 :' Tap 
. OI-Ii of supervisory Communication 

re?ection band Ass Charm?‘ band power 
detector detector Mwulam" detector 

Detector 

\ \ 
Raman Pumps 8 934 

t 9 0 
v 2 v 

Control Unit 

922 
\ Communication System Management Unit 

FIG. 9 



Patent Application Publication Jun. 8, 2006 Sheet 10 0f 11 US 2006/0119931 A1 

Span 1036 

@ Pum power cvovli’nr C2831}; 1016 1 032 Tap SlgnalQannels 

ASS Q 
Pump Power 

Back-Re?ection 1 01 2 

1014 Ta 
:23? p om of Incoming ln-banu 

re?ection ‘ band ASS Communication Ass 

detector 1008 deiector badneigzlref (?ggescfp) 

1026 K \ 
Raman Pumps 1018 1038 1034 

1020 
v v v ( 7 

Control U n it 

I I . 

Communlcatlon System Management Unlt 

FIG. 10 



1 Patent Application Publication Jun. 8, 2006 Sheet 11 0f 11 US 2006/0119931 A 

Span I‘ 
WDM WDM 1 106 

@ Pump Power Coupler Coupler Tap ( 
a 

back 
re?ection 
detector 

Communication 

ASS : \ : V , EDFA 

Tap 

band power 

Pump Power 
Back-Re?ection 

1 Tap 
out o, Supervisory Communication 

band Ass Channel band power 
detector Modulation (from EDFA) (from span) 

Detector detector detector 

Raman Pum s 

I p I (1120 A l, v ~ 

Control Unit L 4 1 J 

Communication System Management Unit 

FIG. 11 



US 2006/0119931 A1 

METHOD AND SYSTEM FOR IMPROVED EYE 
PROTECTION SAFETY OF DISTRIBUTED 

RAMAN AMPLIFIERS 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to optical 
?ber ampli?ers used in ?ber optics telecommunications 
systems. More particularly, the invention relates to Raman 
optical ?ber ampli?ers, and to methods and apparatuses for 
detecting and diagnosing faults in an optical communication 
system span that utiliZes such ampli?ers, in order to provide 
improved eye protection safety. 

BACKGROUND OF THE INVENTION 

[0002] Modern optical communication systems utiliZe 
optical ampli?ers to amplify Wavelength division multi 
plexed (WDM) signal channels as they are transmitted 
through the system. The ?rst optical ampli?ers to be com 
mercially deployed Were Erbium doped ?ber ampli?ers 
(EDFAs), Which are self-contained units placed betWeen 
60-120 km length spans of the communication link. These 
units contain a special Erbium doped ?ber (EDF), Which 
serves as the gain medium used to transfer energy from laser 
diode pumps Within the units to the optical signal channels 
as they pass through the unit. 

[0003] Recently, a neW type of ampli?er, namely a dis 
tributed Raman ampli?er (DRA), has been introduced into 
optical communication systems. A signi?cant difference 
betWeen EDFAs and DRAs is that in the latter the transmis 
sion ?ber itself serves as the gain medium, meaning that the 
signal channels are ampli?ed as they travel through the 
transmission ?ber. Thus, the ampli?cation process is dis 
tributed along the transmission ?ber, as opposed to being 
lumped in a self-contained unit as in the case of the EDFA. 
This alloWs the distance betWeen EDFAs to be increased 
beyond 120 km, and/or the optical signal to noise ratio 
(OSNR) of the system to be improved, thus alloWing higher 
bandWidth communication. 

[0004] Distributed Raman ampli?ers and their applica 
tions to optical communication systems are Well knoWn in 
the art, see for example, US. Pat. Nos. 6,519,082 and 
6,631,025 and references therein. FIG. 1 shoWs a schematic 
representation of a span of an optical communication system 
employing distributed Raman ampli?ers. These ampli?ers 
comprise high poWer laser pumps 102 coupled to the ampli 
?ed span in either forWard con?guration or backward con 
?guration. In forWard con?guration the laser pump is 
coupled to an input 106 of a transmission ?ber 108, With a 
pump energy 104 co-propagating With an optical signal 110. 
In backWard con?guration the laser pump is coupled to an 
output 112 of the transmission ?ber, With a pump energy 114 
counter-propagating to optical signal 110. While the shoWn 
span employs both forWard and backWard Raman ampli?ers 
together, in many cases only one of the tWo types are 
employed. If the shoWn span is the ?rst in the system, then 
it is directly preceded by an optical signal transmitter; 
otherWise it is preceded by an EDFA (or another type of 
lumped ampli?er) used to amplify the signal channels from 
the preceding span. If the shoWn span is the last in the 
system, then it is directly folloWed by an optical signal 
receiver; otherWise it is folloWed by another EDFA (or 
another type of lumped ampli?er) used to amplify the signal 
channels before they enter the next span. 
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[0005] As the pump poWer propagates along the transmis 
sion ?ber (either in forWard or backWard con?guration), 
poWer is transferred to the optical signal channels, thus 
causing them to be ampli?ed during their propagation along 
the ?ber. The transfer of energy occurs due to the non-linear 
stimulated Raman scattering effect, as described for example 
in “Non-linear ?ber optics”, by G. P. AgraWal, pp. 316-369, 
Academic Press, 2nd Edition, 1995. In order for the energy 
transfer to be effective, the optical frequency of the pump 
lasers should be about 13 THZ higher than that of the optical 
signal channels. Thus, if for example the optical signal 
channels occupy the communication band knoWn as the C 
band (1525-1565 nm), the Wavelength of the pump lasers 
should be in the range of 1420 nm-1480 nm. The term 
communication band is used to refer to the Wavelength band 
containing the WDM signal channels transmitted by the 
system. The other commonly used communications band is 
the L band (about 1570-1610 nm). Other communication 
bands may be used in the future, and a single system may 
contain multiple communication bands. Multiple pumps 
With different Wavelengths may be utiliZed to achieve uni 
form ampli?cation over the entire communication band, or 
even over multiple bands. Furthermore, since Raman scat 
tering is a non-linear effect, the pump poWer input into the 
transmission ?ber needs to be particularly high, typically 
0.2-1 W, in order for signal ampli?cation to occur. 

[0006] Thus, in contrast With EDFAs and other types of 
lumped ampli?ers Where the ampli?er pump poWer remain 
contained Within a closed unit, the high Raman pump poWer 
propagates along the transmission ?ber, posing a potential 
safety haZard to persons coming into contact With the 
system. Particularly, if the pump is operated While a con 
nector along the span is open, or When there is a break or cut 
in the transmission ?ber, the pump energy may escape and 
cause harm to human eyes, as Well as material damage to the 
system. As used herein, the term “open span” refers to the 
state Where there is an open connector or ?ber break or cut 
Within the span employing the Raman ampli?er, or any other 
situation that could cause signi?cant leakage of pump poWer 
from the span, thus posing danger to human eyes coming in 
contact With the leaked poWer. The term “opening” is used 
to refer to the point along the span Where the leakage of 
poWer occurs. Therefore, there is a need to immediately 
detect any such open span, and shut doWn the Raman pumps 
Within a time span short enough to avoid harm to human 
eyes (henceforth referred to as “eye-safe time”). Exemplar 
ily, International Standard IEC 60825-2, “Safety of Laser 
Products-Part 2: Safety of optical ?ber communication 
systems”, may be vieWed for a discussion of various aspects 
related to safety of laser products Within ?ber optic com 
munication systems. 

[0007] The automatic shutdoWn mechanism should on the 
one hand be as fail safe as possible, and on the other hand 
not be activated mistakenly by events that do not pose 
potential safety haZards. Another desired feature is that the 
shutdoWn mechanism should be an integrated feature of the 
Raman ampli?er, to further enhance safety and to avoid 
dependence on other parts of the communication system. 
Finally, the detection system should ideally provide as much 
information as possible to the system management With 
regard to the type of failure (e.g. ?ber break or open 
connector), and its position along the span. This facilitates 
rapid correction of the failure, and minimiZation of system 
doWntime. 
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[0008] These requirements have been partly recognized in 
the prior art, and a number of methods and systems have 
been disclosed to address the problem. For example, US. 
Pat. Nos. 5,136,410 and 5,428,471 disclose monitoring the 
presence of optical communication signal channels in the 
communication band to detect an open span. HoWever, 
Raman ampli?cation can complicate such monitoring due to 
signi?cant levels of ampli?ed spontaneous scattering (ASS) 
generated Within the communication band by the pump 
energy (see for example I. Auyeung et al, “Spontaneous and 
Stimulated Raman scattering in long loW loss ?bers”, Jour 
nal of Quantum Electronics, Vol. QE-15 No. 5, P. 347, 
1978). Since ASS is generated at any point Where pump 
energy is present at a high enough level, and can propagate 
in both directions, it can mask the presence or absence of 
signal channels even When the span is open. For the purpose 
of this invention, ASS is divided into “in-band ASS” and 
“out-of-band ASS”. In-band ASS is de?ned to mean ampli 
?ed spontaneous scattering With the communication band 
(or bands) used in the system. Out-of-band ASS is de?ned 
to mean ampli?ed spontaneous scattering in a selected 
Wavelength band that is outside the communication band (or 
bands) used in the system. For example, in a system using 
the C-band as the communication band, the selected Wave 
length band for out-of-band ASS may be the so-called “short 
band”, de?ned as the Wavelength region 1500-1520 nm. 

[0009] US. Pat. No. 6,683,712 addresses the issue ofASS 
in the communication band by providing a mechanism for 
monitoring the output pump energy of the Raman ampli?er, 
and using the monitored value to estimate the ASS level. 
This is then used as an input to the signal detection circuit 
to subtract the ASS level. US. Pat. No. 6,373,621 discloses 
the use of a periodic ?lter to alloW selective detection of the 
signal channels Within the communication band, While 
blocking the ASS betWeen the channels. 

[0010] HoWever, even if the issue of ASS in the commu 
nication band is overcome, modern communication links 
support Add and Drop of signal channels, Which can lead to 
drastic changes in the signal level even if the span is still 
functional. In an extreme situation there may be no signal 
due to all channels being dropped, but the span is not open 
(i.e. it is still functional). This is an inherent problem With 
using signal channel detection as a safety mechanism. 

[0011] This last problem has been addressed in US. Pat. 
No. 6,423,963, Which discloses monitoring of a supervisory 
channel (existing in many commercial communication sys 
tems) in addition to monitoring of the signal channels. The 
advantage of monitoring a supervisory channel is that it 
should alWays be present during normal system operation, 
even if all signal channels are dropped. The disadvantage of 
using the supervisory channel is that it is not present in all 
systems, and in any case it involves relying on a feature of 
the system external to the Raman ampli?er. HoWever, the 
combined monitoring of the signal channels and the super 
visory channel provides additional safety and prevents acci 
dental shutdoWn When some or all of the signal channels are 
dropped. Another mechanism disclosed in this patent is 
related to the monitoring of pump energy back-re?ection, 
Which can be used to detect certain types of open connectors, 
but not ?ber break. For example, opening a PC type con 
nector Within a certain distance of the Raman ampli?er Will 
cause a detectable increase in pump energy back-re?ection. 
The advantage of this latter mechanism is that it is indepen 
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dent of system features such as the use of a supervisory 
channel. A main disadvantage is that it is not sensitive to 
certain types of open spans (e.g. ?ber breaks or open APC 
connectors). 
[0012] US. Pat. No. 6,807,001 also discloses the moni 
toring of Raman pump back-re?ection to detect an open 
connector, in combination With monitoring of the signal 
channels. This invention suffers from the same disadvan 
tages discussed above. 

[0013] US. Pat. No. 6,519,082, assigned to the present 
assignee, extends the use of Raman pump back-re?ection 
monitoring to include an analysis of the time-dependent 
behavior of the pump back-re?ection. Such an analysis 
could potentially provide additional information as to the 
type of event triggering the change in back-re?ection, and 
possibly alloW detection of additional types of open spans. 
HoWever, it Would still not alloW detection of all types of 
?ber breaks, and the time required to perform the analysis 
could be prohibitively long in the context of eye-safety 
requirements. 
[0014] Another method to detect an open span is disclosed 
in US. Pat. No. 6,373,621 and US Patent Application No. 
2004/0201882. In this method the Raman pump energy itself 
is modulated, and this modulation signal is detected at the 
other end of the span, With a disappearance of the modula 
tion signal signifying an open span. If there are both forWard 
and backWard Raman ampli?ers on the span, then the pump 
energy from both pumps can be modulated, and each ampli 
?er Will detect the modulation signal of the other. Thus, an 
open span Will cause both Raman ampli?ers to shutdoWn. If, 
as is often the case, there is only a single Raman ampli?er, 
then it is necessary to rely on the system to send a shut doWn 
signal to the ampli?er once the loss of the modulation signal 
has been detected at the other end of the span. In either case 
it is clear that the shut doWn mechanism is not integral to the 
individual Raman ampli?er, and relies on other aspects of 
the systems. 

[0015] US Pat. Application No. 2004/0090663 discloses 
the use of ASS outside the communication band to detect the 
existence of a point of high loss along the span during 
start-up of the ampli?er pumps. As the pump poWer is 
increased during start-up, it is monitored, and When it 
reaches a predetermined level, a loss point is detected based 
on the ASS poWer level at the predetermined level of pump 
poWer. This invention relates only to the detection of a loss 
point present before start-up of the ampli?er. It does not 
relate to continuous, dynamic monitoring of the ASS to 
detect in real-time an open span that occurs during operation 
of the ampli?er. Furthermore, the invention involves moni 
toring of the pump poWer together With the ASS poWer, and 
the detection of a loss point based on a combination of both 
monitored poWers. 

[0016] Thus, there is a need for an additional protection 
mechanism, Which does not suffer from the shortcomings 
described above. Speci?cally, the mechanism should be 
self-contained Within the Raman ampli?cation system, and 
not be dependent on other features of the communication 
system of Which the ampli?er is part. Furthermore, it should 
be sensitive to all types of open spans, in contrast to pump 
energy back re?ection, Which is sensitive only to certain 
types of open connectors. A mechanism that satis?es these 
criteria should be based solely on the real-time detection of 
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changes in the power level of out-of-band ASS, Which is 
created along the transmission ?ber and Which propagates 
opposite to the direction of the pump energy (i.e. toWards the 
ampli?er). If an open span occurs Within a certain distance 
of the Raman ampli?er, then the poWer level of ASS 
reaching the ampli?er Will decrease, alloWing the detection 
of the open span. Thus, such a mechanism facilitates con 
tinuous, real-time detection of an open span that occurs 
during operation of the ampli?er. 

SUMMARY OF THE INVENTION 

[0017] The present invention discloses a system and 
method for providing eye-safety protection during operation 
of distributed Raman ampli?ers based on the application of 
continuous out-of-band ASS monitoring, and real-time 
detection and analysis of changes in the monitored ASS 
poWer level. The system and method disclosed herein can 
detect an open span in real-time as Well as provide diag 
nostic information With respect to the position of the open 
ing. The system and method can also be used to assist in 
identifying span degradation, Which could potentially 
develop into an open span, thus alloWing preemptive cor 
rective action to be taken. 

[0018] In a preferred embodiment of the distributed 
Raman ampli?cation system of the present invention, the 
system comprises a pump unit for introducing Raman pump 
energy of at least one Wavelength into the span; a monitoring 
unit for continuously monitoring the poWer level of out-of 
band ASS entering the ampli?cation system from the span; 
and a control unit operative to reduce the level of Raman 
pump energy entering the span to a safe level, in response to 
determination of an open span based solely on real-time 
detection of a change in the out-of-band ASS poWer level. 

[0019] Preferably, the control unit includes a detection and 
analysis function to detect and analyZe in real-time change 
in the out-of-band ASS poWer level; an open span deter 
mining function to determine Whether the change in the 
out-of-band ASS poWer level indicates an open span, and a 
safety function activated When an open span is determined, 
to effect a reduction of the Raman pump energy entering the 
span. 

[0020] Preferably, the safety function involves a complete 
shutdoWn of the pump unit. Preferably, the control unit is 
operative such that the time elapsed betWeen the occurrence 
of the open span and the activation of the safety function is 
shorter than an eye-safe time. 

[0021] Preferably, the control unit further includes an open 
span characteristics determining function for determining, 
based on the magnitude of change in the ASS poWer level, 
the approximate position of the opening once an open span 
has occurred. Preferably, the control unit further includes a 
span degradation function for detecting degradation in the 
span before the degradation develops into an open span. 

[0022] In another embodiment of the distributed Raman 
ampli?cation system of the present invention, the system 
comprises a pump unit for introducing Raman pump energy 
into the span; a monitoring unit for continuously monitoring 
the poWer level of out-of-band ASS entering the ampli?ca 
tion system from the span; a pump energy back-re?ection 
monitoring unit for continuously monitoring the level of 
pump energy back-re?ected from the span into the ampli 
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?cation system; and a control unit that includes a detection 
and analysis function to detect and analyZe in real time 
changes in all monitored poWer levels, a determining func 
tion to determine an open span based on said changes in all 
monitored poWer levels, and a safety function activated 
When an open span is determined, to effect a reduction of the 
Raman pump energy entering the span. 

[0023] Preferably, the control unit further includes an open 
span characteristics determining function for determining, 
based on changes in all monitored poWer levels, the position 
and type of opening (open connector or ?ber break), once an 
open span has occurred. 

[0024] In yet another embodiment of the distributed 
Raman ampli?cation system, Working in backWard con?gu 
ration, the system comprises a pump unit for introducing 
Raman pump energy into the span; a monitoring unit for 
continuously monitoring the poWer level of out-of-band 
ASS entering the ampli?cation system from the span; a 
pump energy back-re?ection monitoring unit for continu 
ously monitoring the level of pump energy back-re?ected 
from the span into the ampli?cation system; a modulation 
signal monitoring unit for continuously monitoring a modu 
lation signal imposed on a system supervisory channel 
entering the ampli?cation system from the span, a commu 
nication band poWer monitoring unit for continuously moni 
toring the poWer Within the communication band entering 
the ampli?cation system from the span; and a control unit 
that includes a detection and analysis function to detect and 
analyZe in real time changes in all monitored poWer levels, 
a determining function to determine an open span based on 
said changes in all monitored poWer levels, and a safety 
function activated When an open span is determined, to 
effect a reduction of the Raman pump energy entering the 
span. 

[0025] In yet another embodiment of the distributed 
Raman ampli?cation system, Working in forWard con?gu 
ration, the system comprises a pump unit for introducing 
Raman pump energy into the span; a monitoring unit for 
continuously monitoring the poWer level of out-of-band 
ASS entering the ampli?cation system from the span; a 
pump energy back-re?ection monitoring unit for continu 
ously monitoring the level of pump energy back-re?ected 
from the span into the ampli?cation system; a communica 
tion band poWer monitoring unit for continuously monitor 
ing the poWer Within the communication band entering the 
ampli?cation system from the span, a preceding span com 
munication band monitoring unit for continuously monitor 
ing the poWer level Within the communication band entering 
the ampli?cation system from the preceding span; and a 
control unit that includes a detection and analysis function to 
detect and analyZe in real time changes in all monitored 
poWer levels, a determining function to determine an open 
span based on said changes in all monitored poWer levels, 
and a safety function activated When an open span is 
determined, to effect a reduction of the Raman pump energy 
entering the span. 

[0026] In a preferred embodiment of the method of the 
present invention, the method comprises the steps of con 
tinuously monitoring an out-of-band ASS poWer level; 
detecting When changes in the ASS poWer level signify an 
open span; and, responsive to the detection result, reducing 
the level of Raman pump energy entering the span to a safe 
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level. Preferably, the step of reducing the level of Raman 
pump energy entering the span involves activation of a 
complete shutdown of the Raman pump unit. Preferably, the 
detection and reduction of pump energy are fast enough so 
that the time betWeen the opening of the span and the 
activation of the safety mechanism is shorter than the 
eye-safe time. Preferably, the method further includes the 
step of determining, based on the magnitude of change in the 
ASS poWer level, the approximate position of the opening 
once an open span has occurred. Preferably, the method 
further includes determining When degradation in the span 
has occurred before the degradation develops into an open 
span. 

[0027] In another embodiment of the method of the 
present invention, the method comprises the steps of con 
tinuously monitoring both an out-of-band ASS poWer level 
and a pump back-re?ection level; detecting When changes in 
the monitored poWer levels signify an open span; and, 
responsive to the detection result, reducing the level of 
Raman pump energy entering the span to a safe level. 
Preferably, the method further includes determining, based 
on the magnitude of changes in the monitored poWer levels, 
the approximate position of the opening and the type of 
opening (open connector of ?ber break), once an open span 
has occurred 

[0028] In yet another embodiment of the method of the 
present invention, the method comprises the steps of con 
tinuously monitoring an out-of-band ASS poWer level, a 
pump back-re?ection level, a supervisory channel modula 
tion poWer level, and a total poWer level Within the com 
munication band; detecting When changes in the monitored 
poWer levels signify an open span; and, responsive to the 
detection result, reducing the level of Raman pump energy 
entering the span to a safe level. Preferably, the method 
further includes determining, based on the magnitude of 
changes in the monitored poWer levels, the approximate 
position of the opening and the type of opening (open 
connector of ?ber break), once an open span has occurred. 

[0029] In yet another embodiment of the method of the 
present invention, the method comprises the steps of con 
tinuously monitoring an out-of-band ASS poWer level, a 
pump back-re?ection level, a total poWer level Within the 
communication band entering the ampli?er from the ampli 
?ed span, and a total poWer level Within the communication 
band entering the ampli?er from the previous span; detect 
ing When changes in the monitored poWer levels signify an 
open span; and, responsive to the detection result, reducing 
the level of Raman pump energy entering the span to a safe 
level. Preferably, the method further includes determining, 
based on the magnitude of changes in the monitored poWer 
levels, the approximate position of the opening and the type 
of opening (open connector of ?ber break), once an open 
span has occurred. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The invention is herein described, by Way of 
example only, With reference to the accompanying draWings, 
Wherein: 

[0031] FIG. 1 shoWs an example of a span of a commu 
nication link employing Raman ampli?cation, as knoWn in 
prior art; 
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[0032] FIG. 2 shoWs schematically a block diagram of a 
preferred embodiment of the system of the present inven 
tion; 
[0033] FIG. 2a shoWs the control unit of FIG. 2 in more 
detail; 
[0034] FIG. 3 shoWs a more detailed diagram of a pre 
ferred embodiment of the system of the present invention; 

[0035] FIG. 4 shoWs an example of the position Within the 
Wavelength spectrum of pump energy Wavelengths, signal 
channels, supervisory channel, and ampli?ed spontaneous 
scattering (ASS); 
[0036] FIG. 5 shoWs an example graph shoWing the 
detected poWer level of ASS in the short band (1500-1520 
nm) entering the ampli?er from the span, as a function of the 
propagation distance of the pump energy along the span; 

[0037] FIG. 6 shoWs an exemplary ?oW chart of the 
method of the present invention; 

[0038] FIG. 7 shoWs a detailed diagram of another 
embodiment of the system of the present invention; 

[0039] FIG. 8 shoWs an example graph shoWing the 
detected pump energy back-re?ection level as a function of 
the position of an open connector Within the span; 

[0040] FIG. 9 shoWs a detailed diagram of yet another 
embodiment of the system of the present invention; 

[0041] FIG. 10 shoWs a detailed diagram of yet another 
embodiment of the system of the present invention; 

[0042] FIG. 11 shoWs a detailed diagram of a system that 
can Work in either forWard or backWard con?gurations. 

[0043] The draWings and descriptions are meant to illu 
minate and clarify the invention, but should not be consid 
ered limiting in any Way. In particular, variations and 
modi?cations apparent to those skilled in the art may be 
considered Without departing from the claimed scope of the 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0044] FIG. 2 shoWs schematically a preferred embodi 
ment of a distributed Raman ampli?cation system 200 of the 
present invention. System 200 comprises a Raman pump 
unit 204 operative to provide a Raman pump energy that 
comprises one or more Raman pump Wavelengths to the 
span to be ampli?ed (see beloW), and an apparatus for 
continuous out-of-band ASS monitoring 206, the monitoring 
providing an ASS poWer output. System 200 further com 
prises a control unit 208 operative to detect and analyZe in 
real-time changes in the ASS poWer, and upon determination 
that such changes indicate an open span, reduce the level of 
the Raman pump energy entering the span to a safe level. 

[0045] FIG. 2a shoWs the control unit 208 in more detail. 
The control unit includes a detection and analysis function 
209 to detect and analyZe in real-time changes in the 
out-of-band ASS poWer level, an open span determining 
function 210 to determine Whether the change in out-of-band 
ASS poWer level indicates an open span, and a safety 
function 211 activated When the open span is determined, to 
effect a reduction of the Raman pump energy entering the 
span. The control unit optionally further includes an open 
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span characteristics determining function 212 operative to 
determine the approximate position of the opening in the 
open span based on the magnitude of change in the out-of 
band ASS poWer level. The control unit optionally further 
includes a span degradation function 213 operative to detect 
degradation in the span before the degradation develops into 
an open span. 

[0046] In a preferred embodiment of the method of the 
present invention, the method comprises the steps of con 
tinuously monitoring an out-of-band ASS poWer level using 
monitoring unit 206; detecting When changes in the out-of 
band ASS poWer level signify an open span using control 
unit 208; and, responsive to the detection result, activating 
pump unit 204 to reduce the pump energy entering the span 
to a safe level. Other embodiments of the method may 
include additional and or optional steps and sub-steps, 
described in more detail beloW. 

[0047] FIG. 3 shoWs schematically more details of the 
system of FIG. 2. The ?gure shoWs a distributed Raman 
ampli?cation system 302, in either forWard or backward 
con?guration. Only those features of system 302 relevant to 
the current invention are shoWn, and it is assumed that other 
features knoWn in the art may be incorporated Within system 
302. The ampli?cation system is connected at one port 304 
to the span to be ampli?ed and at another port 306 to the 
preceding span in the case of forWard con?guration, or to the 
folloWing span in the case of backWard con?guration (the 
connection to the preceding or following span may be via an 
optional lumped ampli?er, such as an EDFA). Raman pumps 
308 supply pump energy 310 to the span via a ?rst WDM 
coupler 312, Which couples the Wavelengths of the Raman 
pumps With the signal channels co-propagating (in the case 
of forWard con?guration) or counter-propagating (in the 
case of backWard con?guration) along the span. 

[0048] In a typical example, illustrated schematically in 
FIG. 4, signal channels 402 Will occupy the C band (1525 
1565 nm) used for communication, While Raman pump 
Wavelengths 404 Will occupy the 1420-1480 nm band. As 
the pump energy propagates along the span, part of it is 
transferred to the signal channels via stimulated Raman 
scattering, thus leading to signal ampli?cation. In addition, 
spontaneous Raman scattering occurs, Which creates noise 
Within a Wavelength band de?ned by the Raman pump 
Wavelengths and the Raman gain spectrum of the ?ber. By 
design, this Wavelength band fully contains the communi 
cation band (in order to amplify the signal channels), but 
typically also contains bands adjacent to the communication 
band. In the above-mentioned typical example, spontaneous 
Raman scattering is also created in the so called short band 
(1500-1520 nm) adjacent to the C band. The noise poWer 
created by spontaneous Raman scattering propagates in both 
direction (i.e. With the pump energy, and counter to the pump 
energy), and also undergoes stimulated ampli?cation by the 
pump energy as it propagates, resulting in ampli?ed stimu 
lated scattering (ASS) 406. For the sake of completeness, 
FIG. 4 also illustrates an ampli?ed spontaneous emission 
(ASE) noise 408 created by optional EDFAs placed else 
Where in the communication link. Also shoWn is an optional 
supervisory channel 410, Which Will be discussed further 
herein beloW. 

[0049] Returning noW to FIG. 3, the part (314) of the ASS 
that propagates from the span back toWards the Raman 
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ampli?cation system is input to a second WDM coupler 316, 
Which separates a certain Wavelength band containing out 
of-band ASS. In the typical example described above, this 
Wavelength band could be the so called short band (1500 
1520 nm). The poWer in this Wavelength band is directed by 
WDM coupler 316 to an out-of-band ASS detector 318. This 
detector continuously monitors the poWer level of the out 
of-band ASS, and passes this information to a control unit 
320 (equivalent to unit 208 in FIG. 2). Control unit 320 is 
used to detect and analyZe changes in the ASS poWer level, 
and upon determination that such changes indicate an open 
span, reduce the level of the Raman pump energy entering 
the span to a safe level. 

[0050] In order to understand hoW this is accomplished, 
We turn noW to FIG. 5, Which shoWs an example of the level 
of ASS poWer Within the short band (1500-1520 nm) 
detected by the ampli?cation unit, as a function of the 
propagation distance of the pump energy along the span. The 
absolute level of ASS poWer depends on the output poWer of 
the Raman pumps and their Wavelengths, as Well as on the 
properties of the transmission ?ber. The example shoWn in 
FIG. 5 corresponds to a total pump output poWer of about 
+27 dBm, propagating over G652 transmission ?ber (so 
called standard single mode ?ber, S-SMF). HoWever, the 
overall shape of a curve 502 is expected to be similar for 
different pump con?gurations and output poWers, as Well as 
different transmission ?bers. In particular, the rate of change 
of the detected ASS poWer With propagation distance is 
independent in most practical cases of the pump output 
poWer. This means that We do not require an independent 
monitoring of the pump output poWer in order to analyZe 
changes in the detected ASS poWer level, in contrast to the 
invention in US Patent Application No. 2004/0090663. The 
graph of FIG. 5 shoWs us that the further the pump energy 
propagates along the span, the more ASS poWer Will be 
detected by the ampli?cation system. This is easily under 
stood, since more Raman spontaneous scattering Will occur 
as the pump energy propagates further into the span. The 
graph also shoWs that the detected ASS poWer level 
increases at a sloWer rate as the pump energy propagates 
further, eventually saturating at a maximum value. This is 
due to the fact that as the pump energy propagates along the 
span, it is attenuated by the transmission ?ber, thus in turn 
creating less spontaneous Raman scattering. It should be 
noted that While FIG. 5 relates speci?cally to ASS in the 
short band, it illustrates a characteristic behavior of ASS in 
general, Whether in-band, out-of-band, or a combination of 
both. 

[0051] Typically, a span utiliZing Raman ampli?cation 
Will be at least 80 km long, so that in the example illustrated 
by FIG. 5, the ASS poWer level detected by the ampli?er 
during normal operation Will be at the maximum saturated 
value, about —26 dBm. NoW assume that a ?ber break or cut 
occurs, or a connector is opened, at some point along the 
span. Since the Raman pump poWer Will only propagate up 
to that point, the poWer level of ASS detected by the 
ampli?cation system Will change according to the graph in 
FIG. 5. If the point of the opening occurs close enough to 
the ampli?cation system, then the change in ASS poWer 
level Will be signi?cant enough to be detected With a high 
level of certainty. In the example of FIG. 5, an opening 
occurring Within about 30 km of the ampli?er Will cause a 
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decrease in the detected ASS level of at least 0.5 dB, Which 
should be easily detected over any noise or random ?uctua 
tions. 

[0052] Returning noW to FIG. 3, upon detection of an 
open span, control unit 320 then activates a reduction of the 
pump energy 310 entering the span to a safe level. In a 
preferred embodiment, this is achieved by activating a 
complete shutdoWn of Raman pumps 308. 

[0053] It should be noted that While span openings occur 
ring further than a certain critical distance from the ampli 
?cation system (about 30 km in the example of FIG. 5) 
cannot be detected, such openings are less haZardous since 
the pump poWer is strongly attenuated before reaching the 
opening. In fact, the critical distance is inherently related to 
the distance at Which the pump poWer decreases beloW the 
Raman threshold, so that the pump poWer at openings 
occurring further than the critical distance Will necessarily 
be beloW the Raman threshold. 

[0054] It should further be noted that in order for the 
control unit 320 to function correctly, all that is required is 
a clean reading of the ASS poWer level entering the ampli 
?cation system from the span. In the preferred embodiment 
of the system described above, this can be achieved easily 
and With minimum cost by monitoring part of the out-of 
band ASS (for example, Within the short band). The moni 
tored region of the out-of-band ASS is selected such that it 
contains minimum interference (such as signal channels 
and/ or ASE from EDFAs), thus alloWing a cost effective and 
simple detection method to be used. HoWever, one could 
envision variations of the invention Where other regions of 
out-of-band ASS are monitored, and even in-band ASS. 

[0055] Control unit 320 may further include a function to 
determine the approximate position of the opening (equiva 
lent to 212 in FIG. 2a), once an open span has been detected. 
This can be accomplished by analyZing the magnitude of the 
change in ASS, and translating this to position using, for 
example, a look-up table corresponding to a graph such as 
FIG. 5. In the example shoWn in FIG. 5, a decrease of 2 dB 
in the ASS corresponds to a span opening Within 10-15 km 
of the ampli?cation unit, Whereas a decrease of 4 dB 
corresponds to a span opening Within 5-10 km of the 
ampli?cation system. 
[0056] Control unit 320 may further include a function to 
determine When a degradation of the ampli?ed span has 
occurred, before such degradation develops into an open 
span (equivalent to 213 in FIG. 2a). For example, a loose 
connector or ?ber bend may cause a slight decrease in the 
ASS poWer level detected by the ampli?cation system. 
Using the example of FIG. 5, a decrease of 0.3 dB may not 
be signi?cant enough to indicate an open span, but may 
indicate a degradation Which should be attended to by the 
communication system manager. 

[0057] Control unit 320 may further pass information to a 
communication system management unit 322, Which is 
normally part of the larger communication system. This 
information may include the occurrence of the open span 
(for example, in the form of an alarm), as Well as the position 
of the opening as determined by the control unit. The 
information may also include an alarm indicating a possible 
span degradation, as described above. 

[0058] FIG. 6 shoWs a general ?owchart relevant to all 
embodiments of the method of the present invention. A ?rst 
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step 602 is used to monitor the detectors, Which in the case 
of the preferred embodiment just described means monitor 
ing only the out-of-band ASS detector. Each time the detec 
tor is monitored, a check 604 is performed to ascertain 
Whether a ?rst pre-determined condition (further described 
beloW) that signi?es an open span has occurred. If such a 
condition has occurred, then step 606 is executed, Which 
activates a reduction of pump poWer entering the span to a 
safe level, or preferably, activates a shutdoWn of the pump 
unit. FolloWing execution of step 606, a ?rst optional step 
608 is executed to determine the approximate position of the 
opening Within the span. A second, optional step 610 of 
notifying the communication system management unit is 
then executed, before control is returned to step 602 and the 
process starts again. Optionally, if the ?rst pre-determined 
condition of step 604 is not ful?lled, then a second pre 
determined condition (further described beloW) is checked 
in step 612. The purpose of this second condition is to 
identify a degradation of the span before an open span 
occurs. If this second condition is not ful?lled, then control 
is passed back to the ?rst step 602, and the entire process is 
started again. If the second condition step then the commu 
nication system management unit is noti?ed in step 610, 
before control is passed back to ?rst step 602, and the entire 
process is started again. 

[0059] In a preferred embodiment of the method, step 604 
is executed With a frequency large enough to ensure that the 
reduction of the pump energy Will occur Within an eye-safe 
time of the occurrence of the open span. In a typical example 
step 604 is executed every feW milliseconds (i.e. a frequency 
of about 1 KHZ). 

[0060] In a preferred embodiment of the method, the ?rst 
pre-determined condition of step 604 is that the level of ASS 
poWer has decreased by P1 dB Within a time shorter than T1. 
The time T1 should be long enough to enable detection of 
different processes, Which result in an open span. For 
example, if an operator accidentally opens a connector 
during pump operation, the time T1 should be long enough 
to alloW detection of the change in ASS that occurs during 
the process of the connector being opened. HoWever, the 
time T1 should not be so long as to encompass sloW changes 
in ASS due to, for example, environmentally induced ?uc 
tuations, or aging. A typical example for the time T1 may be 
about 0.1 second. The value P1 should be selected such that 
it is larger than random noise or ?uctuations, but small 
enough to identify an open span occurring as far as possible 
from the ampli?er. In the example corresponding to FIG. 5, 
the pre-determined change could be de?ned as 0.5 dB. This 
is large enough to rule out noise and random ?uctuations, 
and it Would alloW detection of an open span occurring 
Within about 30 km of the ampli?er. 

[0061] In an another embodiment of the method, the ?rst 
pre-determined condition of step 604 includes additional 
sub-conditions to that just described, and the entire ?rst 
pre-determined condition is true if at least one of the 
sub-conditions is true. 

[0062] An example of an additional sub-condition may be 
that step 604 is being executed the ?rst time after a time T2 
has elapsed since the ampli?cation system Was poWered on, 
and the level of ASS poWer is beloW P2 dBm. The time T2 
is selected to be long enough such that the pump poWer has 
reached a stable level, but shorter than the eye-safe time (for 



US 2006/0119931 A1 

example, When the total pump power is below +27 dBm, T2 
may be set at about 0.1 second). P2 is selected to represent 
the minimum expected ASS level When there is no open 
span. In the example of FIG. 4, P2 Would be set to about —26 
dBm. This sub-condition ensures that if an open span exists 
When the ampli?er is poWered on, then the ampli?er Will be 
immediately shut doWn Within an eye-safe time. 

[0063] An additional example of a sub-condition may be 
that the level of ASS poWer has decreased by P3 dB relative 
to the level monitored the ?rst time the ampli?er Was 
poWered on. This sub-condition is meant to encompass cases 
Where there may be a sloW but large deterioration in the ASS 
poWer level, and may be vieWed as an extra safety precau 
tion. In the example corresponding to FIG. 5, P3 could be 
set to about 2 dB. 

[0064] The second pre-determined condition of step 612 is 
similar in nature to the ?rst pre-determined condition of step 
604, With the general difference that the change in the ASS 
poWer level are smaller, and/or more gradual. Thus, for 
example, the poWer levels P1 and P3 described above could 
be smaller than in step 604, and/or the time T1 could be 
longer. This Would enable possible identi?cation of a span 
degradation before it develops into an open span. 

[0065] FIG. 7 shoWs another embodiment of the system of 
the present invention, comprising essentially the same ele 
ments as shoWn in FIG. 3, With added elements operative to 
additionally enable detection of an open span based on 
changes in the pump energy back-re?ection level. As pump 
energy propagates along the span, part of it is back re?ected 
due to Rayleigh backscattering occurring continuously 
Within the transmission ?ber. As opposed to Raman scatter 
ing, Rayleigh backscattered poWer is in the same Wave 
length as the original pump energy, and thus separate from 
ASS (see FIG. 4). Furthermore, back re?ection may occur 
due to splices, connectors and other anomalous points occur 
ring along the span, contributing to the total back-re?ected 
pump poWer Which is part of light 714 entering the ampli 
?cation system from the span. 

[0066] The total back-re?ected pump poWer contained 
Within light 714 entering the ampli?cation system from the 
span is separated by WDM coupler 712 and directed back to 
Raman pumps 708. A tap 724 then diverts part of the 
back-re?ected poWer to a pump back-re?ection detector 
726. This detector continuously monitors the level of the 
back-re?ected pump poWer, and passes the information to 
control unit 720, Which is simultaneously receiving infor 
mation from out-of-band ASS detector 718. 

[0067] FIG. 8 shoWs an example graph of the pump 
energy back re?ection level detected by the ampli?cation 
system as a function of the distance of an open PC connector 
from the system. The absolute level of detected pump energy 
back-re?ection depends on the pump output poWer, as Well 
as the type of transmission ?ber. The example illustrated in 
FIG. 8 refers to an output poWer of about +27 dBm, and a 
G652 transmission ?ber (S-SMF). HoWever, the general 
behavior of curve 802 is similar for other pump output 
poWers, and other types of transmission ?ber. As the graph 
shoWs, if the open PC connector is adjacent to the ampli?er, 
then the back-re?ection level is about +11 dBm. If the open 
connector is positioned further aWay from the ampli?er, then 
the pump poWer is attenuated before reaching the open 
connector, and the back-re?ected poWer is further attenuated 
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before reaching the ampli?er, thus leading to a reduction in 
the detected back-re?ection level. The graph also shoWs that 
the detected back-re?ection level saturates to a minimum of 
about —6 dBm When the distance to the open connector is 
above about 55 km. This minimum level corresponds to the 
level of Rayleigh backscattering alWays present in the ?ber, 
and masks the contribution of the open connector When the 
latter is su?iciently small. 

[0068] As noted previously, a typical span utiliZing Raman 
ampli?cation Will be at least 80 km long. Thus, assuming 
there is no open connector Within the span, then in the 
example illustrated by FIG. 8 the pump energy back 
re?ection level detected by the ampli?cation system during 
normal system operation Will be at the minimum value of 
about —6 dBm. If We noW assume that a connector is opened 
at some point along the span, then the detected back re?ec 
tion level Will increase according to the graph of FIG. 8. If 
the point of the opening occurs close enough to the ampli 
?cation system, then the increase in the detected back 
re?ection level Will be signi?cant enough to be detected With 
a high level of certainty. Furthermore, the degree of change 
in the back-re?ection can be used as an indicator of the 
position of the opening. In the example of FIG. 8, an 
opening occurring Within 45 km of the ampli?cation system 
Will cause a change in the detected back-re?ection level of 
at least 0.5 dB, Which should be easily detected over any 
noise or random ?uctuations. 

[0069] Thus, control unit 720 may detect an open span 
through changes in both the ASS and pump back-re?ection 
poWer levels. UtiliZing changes in ASS alloWs detection of 
any type of open span, up to 30 km from the ampli?cation 
unit in the example of FIG. 6, While utiliZing pump poWer 
back-re?ection alloWs detection of open connectors, up to 
45 km from the ampli?cation unit in the example of FIG. 8. 

[0070] Control unit 720 may further contain a function to 
calculate the position of the span opening, once an open span 
has been detected. This calculation may be accomplished 
using look-up tables corresponding to graphs as exempli?ed 
by FIG. 5 and FIG. 8. The function may also determine the 
type of open span, such as a connector opening or ?ber cut 
or break. For example, a change in ASS not accompanied by 
a change in pump back-re?ection signi?es that a ?ber break 
has occurred, as opposed to a connector opening. 

[0071] A further embodiment of the method of the present 
invention may be described With reference again to the 
?oWchart of FIG. 6. In this case, the ?rst pre-determined 
condition of step 604 includes additional sub-conditions to 
those described in the previous embodiments. 

[0072] An additional sub-condition may be that the level 
of pump back-re?ection poWer has increased by P4 dB 
Within time shorter than T1, Where T1 has the same meaning 
as described above. In the example corresponding to FIG. 8, 
P4 could be set to 0.5 dB, alloWing detection of an open 
connector occurring Within about 45 km of the ampli?er. 

[0073] An additional sub-condition may be that step 604 is 
being executed the ?rst time after a time T2 has elapsed 
since the ampli?er Was poWered on, and the level of pump 
back-re?ected poWer is above P5 dBm. The time T2 has the 
same meaning as described above. In the example of FIG. 
8, PS Would be set to about —6 dBm. This sub-condition 
ensures that if an open connector exists When the ampli?er 
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is powered on, then the ampli?er Will be immediately shut 
doWn Within an eye-safe time. 

[0074] An additional sub-condition may be that the level 
of pump back-re?ected power has decreased by P6 dB 
relative to the level monitored the ?rst time the ampli?er Was 
poWered on. This sub-condition is meant to encompass cases 
Where there may be a sloW but large increase in the pump 
back-re?ection poWer level, and may be vieWed as an extra 
safety precaution. In the example corresponding to FIG. 8, 
P6 could be set to about 2 dB. 

[0075] The second pre-determined condition of step 612 is 
similar in nature to the ?rst pre-determined condition of step 
604, With the general difference that the changes in the 
poWer levels are smaller, and/or more gradual. Thus, for 
example, the poWer levels P1, P3, P4 and P6 described 
above could be smaller than in step 704, and/or the time T1 
could be longer. 

[0076] FIG. 9 shoWs yet another embodiment of the 
system of the present invention, relating speci?cally to a 
distributed Raman ampli?cation system Working in back 
Ward con?guration. The system described in FIG. 9 com 
prises essentially the same elements as shoWn in FIG. 7, 
With added elements operative to additionally enable detec 
tion of an open span based on changes in the poWer level of 
a supervisory channel and changes in the poWer level Within 
the communication band. Since the ampli?cation system is 
designated to Work in backWard con?guration, incoming 
light 914 can be assumed to contain the signal channels used 
for communication, and an optional supervisory channel 
used for the communication system management. 

[0077] Most optical communications systems utiliZe a 
supervisory channel to transfer information betWeen various 
elements of the system, as Well as to monitor system 
integrity. This supervisory channel is often located near the 
communication band containing the signal channels, though 
not Within it. In the typical example illustrated in FIG. 4, the 
supervisory channel is located in the so-called short band 
(1500-1520 nm), in the vicinity of 1510 nm. The supervisory 
channel may also be modulated to facilitate simple and cost 
effective monitoring of the poWer Within the channel, even 
in the presence of a large amount of noise in the spectral 
vicinity of the channel. In a typical example the modulation 
comprises an analog AC dither of part of the channel poWer, 
typically in the frequency range 300-1500 kHZ. 

[0078] In a preferred implementation, the Wavelength 
band used for detection of the out-of-band ASS is selected 
to contain the supervisory channel Within it. In a typical 
example this Wavelength band corresponds to the short band 
(1500-1520 nm), With the supervisory channel being located 
at 1510 nm. In such a case, a WDM coupler 916 separates 
the supervisory channel together With the out-of-band ASS 
from the signal channels, and routes the separated Wave 
length band toWards an out-of-band ASS detector 918, via a 
tap 928. Tap 928 routes a small fraction of the poWer Within 
the Wavelength band toWards a supervisory channel modu 
lation detector 930. Detector 930 is designed to be locked to 
the frequency of the supervisory channel dither, thus alloW 
ing the detection of the poWer level of the supervisory 
channel even in the presence of a large amount of noise 
(such as ASS) Within the Wavelength band. Detector 930 
then passes the information regarding the supervisory chan 
nel poWer level to a control unit 920. Note that While the 
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supervisory channel poWer also reaches an out-of-band ASS 
detector 918, it does not interfere With the detection of the 
ASS poWer level. The reason for this is that the supervisory 
channel poWer is much smaller than the ASS poWer level 
during normal operation, and is not present When an open 
span occurs. Thus, a graph such as that of FIG. 6 still 
governs the behavior of the poWer detected by out-of-band 
ASS detector 918. In a typical example the supervisory 
channel poWer entering the ampli?er Will be beloW —35 dB, 
Whereas according to FIG. 6, the level of out-of-band ASS 
during normal operation (i.e. no open span) is about —26 dB. 
Thus, the presence of the supervisory channel changes the 
normal operating level of ASS by at most 0.5 dB, Which can 
easily be accounted for by the function of control unit 920. 

[0079] In another implementation, the Wavelength band 
used for detection of out-of-band ASS does not contain the 
supervisory channel, Which resides in another region of the 
Wavelength spectrum. In this embodiment, tap 928 is redun 
dant, and another WDM coupler (not shoWn) is placed 
betWeen WDM coupler 916 and tap 932. This neW WDM 
coupler then routes the supervisory channel to supervisory 
channel modulation detector 930, Which Works as previously 
described. 

[0080] In either of the above tWo implementations, it may 
be bene?cial to provide the communication system manage 
ment unit direct optical access to the supervisory channel 
(for example, to add/drop maintenance data to this channel). 
In such a case, an additional splitter (not shoWn) may be 
placed directly prior to detector 930, and part of the optical 
poWer diverted to an external port (not shoWn) of the 
ampli?cation unit. 

[0081] In either of the above tWo implementations, light 
reaching tap 932 should only contain optical poWer Within 
the communication band, the remaining optical poWer being 
diverted by preceding WDM couplers. Tap 932 then diverts 
a fraction of the communication band poWer to a commu 
nication band poWer detector 934. This detector continu 
ously monitors the total poWer Within the communication 
band, and passes the information to control unit 920. 

[0082] In some cases, it may be bene?cial to provide the 
communication system management unit direct optical 
access to the communication band poWer. In such a case, an 

additional splitter (not shoWn) may be placed directly prior 
to detector 934, and part of the optical poWer diverted to an 
external port (not shoWn) of the ampli?cation unit. 

[0083] Thus, control unit 920 is continuously and simul 
taneously receiving information from the folloWing detec 
tors: out-of-band ASS detector 918; pump back-re?ection 
detector 926; supervisory channel modulation detector 930; 
and communication band poWer detector 934. Based on the 
detection and analysis of the changes in all the monitored 
poWers, the control unit then determines Whether an open 
span has occurred. The control unit may further include a 
function to determine, once an open span has been detected, 
the position and type of span opening. For example, if a 
signi?cant change occurs in the supervisory channel poWer, 
but no change occurs in the ASS poWer, the open span may 
be assumed to be further than 30 km (in the example 
corresponding to FIG. 5) from the ampli?er unit. 

[0084] A further embodiment of the method of the present 
invention may be described With reference again to the 








